the order of the average diameter of barrier pores, for each element of a gas mixture whether or not the gas mixture is reactive and ! is the barrier thickness.
The equilibrium prediction is confirmed for the sodium chloride monomer/dimer equilibrium mixture passed through alumina barriers with pores of the order of 1 to 10 micron diameter and various thicknesses. The relative fluxes of any two non-reacting molecular species that pass through a porous barrier by Knudsen flow are related by
_(M;
"~ (1) where Jl' J 2 refer to the exit fluxes of molecules 1 and 2, respectively, Voronin's predictions, but which they initially considered might also be otherwise explained. 7 8 Further study ' gives good support to Voronin's -2-.
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analysis.
Berkowitz et al. 9 used a porous nickel barrier to reduce the total pressures of alkali halide vapors in th~ effusion chamber of a double oven cell but did not discuss the possibility of changes in the molecular compositions in the barrier. Their experimental results would be essentially independent of any effect of the barrier on composition because equilibration is expected in the effusion chamber.
In the following section of this paper an equation is derived for
Knudsen flow through a porous barrier. ·The ~quation reduces to Eq. (1) for non-reacting gases but is also valid when reactions occur among components of the gas mixture, while Eq. (1) can then no longer be applied.
The remainder of the paper reports an experimental study of the effects of porous alumina barriers on the total vapor flux and on monomer and dimer concentrations in sodium chloride vapor and then compares the theoretical predictions to the experimental findings.
II. Theoreeical
Consider the effect of a chemically inert porous barrier on a gas mixture governed by the equilibrium reaction AB +gAB +hAB · m n + q r s t (2) where g + h > 1. For convenience, call the fluxes of A B , A B , and . m n q r AsBt that escape from the barrier J 1 , J 2 , and J 3 , respectively. If equilibrium is attained by the exit gas, the fluxes of Jl, J2' and J3
are related by the equilibrium constant for reaction 2 and known pressure-0 0
independent constants:
where the Hertz-Knudsen-Langmuir equation 10 is used to make substitutions molecule i, R is the gas constant and T is the absolute temperature.
Whether equilibrium is attained or not can be tested, therefore, by comparing measured fluxes of exit gases through porous barriers with the predictions of Eq. (3).
We will now. prove t'hat if a mixture described by reaction 2 passes through a barrier by equilibrated Knudsen flo~, j 1 , J 2 , and J 3 are defined functions of the equilibrium constant for the reaction, of a transmission constant of the barrier for a non-reacting gas, and of the 
where c is a temperature-independent constant for the particular barrier,
P~ is the partial pressure of the gas at the source side of the barrier, Knudsen flow that the probability that a molecule which leaves a given point will travel through the vapor until it collides with a surface at a particular second point y is independent of the nature of the molecule 11 so that the fluxes of molecules 1, 2, and 3 that leave point x and arrive where $ is the same number for each molecule.
The total fluxes of A and B atoms that leave point x, jAx and jBx'
can be related to the molecular fluxes by means of Eq. (2).
The total fluxes of A and B atoms that leave point x and travel to qpoint y are $ times the right hand sides of Eqs. (6) and (7) respectively. where j~, for example, is the total flux of A atoms that strike the barrier and C is the same constant that appears in Eq. (5) for non- (8) reacting gases. Equations (6) and (7) (with o's = 0) plus Eqs. 
For an alkali halide dimer/monomer equilibrium the fluxes of halogen and alkali atoms are b9th equal to the flux of alkali halide monomer units . Substituting C = all in (9) gives (11) which predicts that the total atomic flux for each chemical component A sodium chloride sample of 99.9% purity from J. T. Baker Chemical
Co. was used. The barriers were porous alumina disks which were placed on top of a high density alumina cell and were masked by a molybdenum lid which was pierced by a tapered orifice of 3.8 mm minimum diameter. ·In all of the experiments on sodium chloride with porous disks, sodium chloride condensed on the lower surface of the disk because the temperatures were about l5°K lower than temperatures at the bottom of the celL The flux generated by the sodium chloride deposit on the bottom of the disks should be the equilibrium flux for the disk tempera,.. ture because sodium chloride has a unit vaporization coefficient. 16
With each diska run was made in which the ion intensities of + . +.
19-22 NaCl (from NaCl gas) and Na 2 Cl (from Na 2 c1 2 gas) were measured over a range of temperatures below the melting point of sodium chloride.
To ·compare data obtained in these runs with equilibrium data for sodium chloride effusion, a run with a conventional effusion cell was also completed. The orifice diameter in this run was 0.55 mm and the channel length was 1.1 mm.
In order to establish whether equilibrium was achieved in the exit vapors from the porous barriers, separate weight-loss runs were made at Finally, in order to compare the transmission constants of the disks for sodium chloride vapor with those for a non-reactive, single component gas, weight-loss runs were also made. with zinc using porous disks 0.389 and 0.838 mm thick and relative density 0.442. Before the zinc runs, these disks, which were previously used for sodium chloride, were washed with hot water and baked in the mass-spectrometer until the ion peaks correspondi?g to sodium chloride vapor molecules disappeared from the spectrum.
In order to·measure the apparent heat of vaporization of zinc through the porous layers, the temperature dependence of the ion intensities produced from the zinc atoms vaporized through the porous layer of 0.389 mm thickness was measured. There was already a condensate of zinc metal on the interior side of this lid from the weight-loss experiments. The disk temperature was again used as the temperature of
ff.. . 23 vapor zat on; z1nc a so as a un1t vapor1zat on coe 1c1ent.
Our studies with porous disks reported below support earlier conclusions19~22 that Na+ and NaCl+ are formed essentially exclusively from NaCl and that Na 2 Cl+ is from Na 2 c1 2
• From slopes of log IT vs 1/T .data which we obtained with the conventional Knudsen effusion cell without a porous disk (Fig. 1) Table I .
+
Column 4 gives the NaCl to Na 2 Cl+ ion-intensity ratios calculated.at 1025°K from the least squares curve for each run. These ratios are shown in Fig. 3 to vary linearly with disk thickness.
Weight losses through four different porous disks (Table II) -12-
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The quantities jzn/j~n = C for two porous barriers are given in Table III with the corres.ponding values of the fractional reduction in total monomer unit flux for sodium chloride calculated from Table II for comparison.
The temperature dependence of Zn+ ions produced from zinc atoms that vaporized through the 0.389 mm porous layer gave an apparent heat of vaporization of 28.7 ± 0.8 Kcal/mole. The reported heat of vaporization of zinc at the mid-point of the temperature range of study is 30.7 Kcal/ 25 mole.
IV. Discussion
The alumina particles of the barriers used in most of the experiments had tabular shapes with their two longer dimensions usually less than ten microns but occasionally as great as twenty microns. The maximum pressure at the high pressure'faces of the barriers was less than -3 . 10 atm. The hard sphere model can be used to dilculate that pressures . 14.
were, therefore, well within the Knudsen flow regime.
Fluxes of sodium chloride monomer were reduced almost two orders of +/· + .
magnitude by these porous barriers. The Na NaCl ion intensity ratios at 1025°K are the same as those found in ordinary effusion experiments to within about 2%. The fact that monomer to dimer ion intensity ratios were found to vary linerarly with barrier thickness, however, strongly supports the prediction that values of lj/j 0 is a constant for sodium chloride vapor in the tabular alumina of constant average pore geometry. Equation (12) shows that the exit flux for monomers is inversely proportiona~ to the monomer ion/dimer ion intensity ratio if equilibrium is maintained, as it has been proved to be for our experimental conditions, and the proportionality constants are independent of the geometry of the barrier.
But Fig. 3 shows that the monomer/dimer ion intensity ratio varies
,.)
4l (] -:, It seems probable that values of a. calculated from the weight loss data may be influenced by a leakage error that i~creases in relative importance when the flux reductions are greatest. The ion intensity ratio is relatively insensitive to leaks because it is measured for a collimated beam that is generated from the center of the exposed upper surface of-the porous alumina barrier. We conclude that the magnitude of a. as determined by this study for sodium chloride and zinc are uncertain by a factor of two, but that the constancy of a. is established to within 10% for variations of barrier thicknesses by a factor of three.
Because the focus of this research was on examining the effects of porous barriers on a reactive gas mixture at a single temperature, measurements in.the various runs were made over only about a 40° temperature .interval--too small a range at 1000°K to yield accurate measurements of apparent heats of vaporization from the temperature dependences of the intertsities. Nonetheless, it has proved instructive to compare the experimentally measured apparent heats with theoretical predictions.
The exit flux of monomers through each barrier contains a contribution from the dimers that are converted to the monomers in the barrier. The large discrepancy between the predicted and observed relative heats probably reflects the extreme sensitivity of the dimer ion signal to contributions from sodium chloride that has condensed outside the cell. In ordinary effusion studies, subtraction .of the unshuttered background at any ion peak largely eliminates errors from such contributions, but with the porous barrier in place, the dimer signal is reduced more than three orders of magnitude. Consequently, the contribution to the signal from sources exterior to the cell, while negligible for the monomer, may well have been significant for the dimer. Furthermore, the extraneous signal would probably increase more rapidly with temperature thanthe signal from the cell,making the apparent heat of vaporization of the dimer higher than expected, because degassing effects generally increase with temperature. Fortunately, errors of this kind would always increase the measured relative dimer/monomer intensity ratio above the ratio that would be observed without extraneous vapor sources; the conelusion that essentially equilibrium dimer to monomer pressure ratios were maintained in the porous barriers is unaffected.
Equilibration of sodium chloride monomers and dimers was expected for the exit flux whether or not surface diffusion is significant. The observed proportionality between the total monomer . . unit flux transmission and the reciprocal of the barrier thickness does not rule out significant surface diffusion, but shows that if surface diffusion were the dominant mode of transport, the surface diffusion coefficient must be independent -18-LBL-:-4120 of the pressure gradient through the barrier.
On the other hand, the transmission constants calculated for the barriers are of the magnitude predicted for Knudsen flow from the geometry of the pores with no contribution from surface diffusion.
Furthermore, the fact that the monomer unit flux transmissions for sodium chloride and for zinc vapors were the same to within probable·error for two different barriers (Table III) would be compatible with a major contribution from surface diffusion only if surface diffusion were fortuitously of equal importance for sodium chloride at 1025°K and zinc .vapor at 668°K. It seems probable, but not certain, that Knudsen flow rather than surface diffusion was the principal mode of transport of sodium chloride and zinc vapors through the alumina barriers used in this research.
In future studies of the influence of porous barriers on the molecular compositions of reactive vapors it will be desirable to attempt to obtain apparent heat measurements of high reliability.. Because the activated complexes for surface diffusion are bound to the surface, the apparent enthalpies of vaporization of the monomers of a monomer/dimer mixture measured through porous barriers should be reduced below the predictions of Eq. (13) when surface diffusion is the principal mode of transport through a barrier.
A more direct way of determining the importance of surface diffusion through given kinds of barrier materials is to compare transmission of a gas in question with that of helium, for which surface diffusion is . 28 negligible on all known surfaces at high temperatures.
A second way would be to vary pore diameters while keeping the fundamental pore
geometry relatively constant, since surface diffusion should increase in relative importance when average pore diameters are decreased. We hope to employ both of these techniques in future studies. We e.·.pect that equilibrated vapor flow through porous barriers such as these results prove to occur for sodium chloride .. in porous alumina will be found for reactive vapor and·gas mixtures whenever the activation free energies of the pressure dependent reaction are relatively low compared to RT. We have found that compositional changes such as described here for sodium chloride vapor can be produced for lithium fluoride vapor by use of porous nickel barriers and we have used these compositional changes to study the mass spectrometer ionization cross-section for the lithium fluoride 27 monomer. ,.
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